SOME FORMS OF GTLL DISEASE IN PENAEID SHRIMP

D. V. Lightner2 and C. T. Fontaine
Gulf Cnast Fisheries Center
National Marine Fisheries Service
4700 Avenue U
Galveston, Texas 77550

arnd

Kenneth Hanks
Environmental Research Laberatory
University of Arizona
Pucson, Arizone 85706

ABSTRACT

Gill disease in penaecid shrimp is a complex of sewveral afflic-
tions, any of which may result in death of affected animals either
by outright destructicn of the gills or by suffocation resulting
from mechanical blockage of gas exchange across the surface of the
gill lamellae. Orgenisms demonstrated to cause gill disease in
penaeids include an imperfect fungus that baelongs to the genus
Fusarium, at laast two types of epicommensal peritrichs that belong
to the genera Zoothamnium and Lapenophrys, and a filamentous bacte-
rium that superficially resembles leucothrix muicor.

"Black gills" or melanization cf the gill process is a sign of
several forms of gill disease and is not a disease in itself. "Black
gilla" occur in shrimp with heavy infestations of Lagenophrys.
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"Black gills" are not usuvally seen in animals that have heavy infes-
tations on the surface of the gllls of either the epicommensal
peritrich Zoothamnium or the filamentous bacterium. Detritus and
algae are often trapped by these epicommensals, and this results

in gills that range in color from green to dark brown,

Demonstrable histological damage to the gills does not occcur
in shrimp dying from heavy infestations of tha filamentous bacterium
or Zoothamnium, Ilistopathological changes are readily demonstrated
in animals having Fusarium infectfons and in animals with the epi-
commentsal Lagenophrys sp. | |

INTRODUCTION

For aquaculture to be commercfially feasible in many areas of
the United States, the economic Yequirement that maximum numbers of
individuals utilize minimum quantitias of space and water must be
realized, The most practical approach teo satisfying this redquire-
ment 1a the employment of intensive culture methods. Neal (1973)
described intensive culture methods as those in which fish or shell-
fish are reared in man-made ponds, raceways, or tanks where environ-
mental control is exerclsed, contrasting these intensive methods
to extensive culture where natural bodies of werer are utilized with
few modifications of the anvironment. High culture densities are
not usually possible when extensive culture methods are used, and
disease contral and prevention in these systems is seldom possible
or practical. Diagnosis, treatment, and prophylaxis of infectious
diseases are both pozsible and practical when intensive culture
techaiques are vaed., The crowding that is a necessary part of in-
tensive culture methodology virtually guaranteea that both infectious
and noninfectious diseases will occur. Early experisnces with
digesse {n intensive shrimp culture have shown that diseases of the
gilla are among the moat aerioua.

Various forms of gill disemse in panaeid shrimp have already
bean described from exteasive and intensive culture systems (Light-
ner, in press). Organisms so far demongtrated te cause gill digeane
in penaeids Include speciesn of imparfect fungi that belong to the
denus Fusarium, at least two types of eplcommensal peritrichs that
belong to the genera Zgothamnjum and Lagenophrys, and a filamentous
bacterium thaet superficially resembles Laucothrix mucor. Presented
in this paper are pome new dats on these forme of gfll disaase,
particularly those occurring in intansive culture,

MATERIJALS AND METHODS

Most of the shrimp for these studies were obtained from the
Hational Marine Fisheries Service shrimp hatchery and rearing
facility in Galveston, Texas, and from the University of Arizone-
Bniversity of Sonora shrimp farms at Tucson, Arizona, and Puarto
Pefiasco, Sonora, Mexico, Some wild shrimp from commercial bait
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dealers on Galveaton Bay were also used,

Methods of identification of presumed pathogens are given in the

appropriate sections for each of the diseases discussed.

Shrimp selected for histological examination weare fixed live in

either 107 phosphate-buffered formalin, Carnoy's fixative, or David-

son's fixative. Tn the case of small shriwp {under 60 mm in total
length) the cuticle over the hepatopancreas and over the abdominal

musculature was opened with scissors to enhance fixative penetration.

In the cagse of larger shrimp, hody regions that contained the organs
or tissues of interest {e.g., the gills) were removed 2nd filxed
sepavately. Embedding, sectioning, and staining were acccomplished
using routine histological methods,

RESULTS AND DISCUSSION

Gili Digeage Due te Fusarium sp,

Imperfect fungi of the genus Fusarium have been rweported from
the Kuruma prawn, Penseus laponicus, (o Japan (Egusa and Ueda, 1972},
from laboratory-held pink shrimp, P. duorarvm, in Texas {Johnson,
1976a), and from raceway-reared P, californiensis in Mexico (Lightner,
in press). An additional Pusarium sp. had been described from the
‘lobster, Homsrus americanus, from a small axperimentallluhstar farm
in New England (Lightner, in presa; Lightner and Fontaine, 1975).
In -all of the cases of Fusarium sp. {nfections of erustaceans, des-
truction or damage to the glils by the fungus has been reported.

Pusarium sp. 1in P. Jlsponicus caused e disease that was
expre::id &8 "bia:kpgilla" aﬁﬁﬂ;::ﬁTEﬁd in serious mortalities among
pond-cultured prawn populatioms. Affectad parts of the gills carried
septate hyphae of the fungus., Intramuscular inoculation of hﬁalthj
prauns with conidia of the fungus caused "hlack gill disease, and
the fungus was isolated from gili lesioms of artifictally infected

pravas (Bgusa and Ueda, 1972}.

Another Fusarium sp. that differs sufficiently from the Fusarium
sp. of P. japonicus to represent a2 different speciss was regponsible
for a sevare eplzootic in raceway-reaved California brown shrimp (¥.
californiensis) in June and July of 1974, at the exper imental shriwmp
ferm in Pusrto Petiasco, Mexico. The disease was confined to two race-
ways and two small tanks at the farm, but nearly 1004 incidence was
oheerved. In one of the raceways, only 800 of the 6,000, 100-um
ghrimp pregent in June survived to July 12. By late August, all but
a few of the remaining 600 had died due to the digense. The disease
wae expressed grossly as blackened lasiona in the gill regicen.

The fungus typlcally infected the gilla, the coxal segmmnt:haf
the walking legs, and the body wall behind the giils and above the
coxal segments., The coxal segments, gtll processes, and adjacent
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portions of the l4th body segment (the segment with the 53th walkin a colony of Zoothamnium s8p. (Overstreet, 1973). The gtalks of
legs) were nearly always infected by the fungus (Figure 1), In ® colonies nf this protozoan attach to the surface of tha cuticle and
every instance, at least some of the fungal lesions on a particular do no mechanical damage to the cuticle. There ts no foreign body
shrimp were blackened by deposition of melanin. Hence, most of the response by the shrimp's hemocytes at the gite of attachment (FPig-
affected shrimp showed at least 2 limited "black gill™ condition ure 7). Death occurs when the effective respiratory surface of the
In these hlack lesions (Figure 2) the melanin deposition resulte& gills is reduced by the presence of numerous colonies of Zoothamnium
from the activity of hemocytes responding to the presence of hyphae ap. and suffocatjion results. The procese is passive and is probably
and to tissuve destruction caused by the fungus. Encapsulation of aggravated by reduced dissolved oxygen concentrations in the water
hyphae was typical when hyphae were present in subcutanesusz or (Overstreet, 1373},
muscle tissua. Death in affected shrimp, as with Pusarium infec-
tions in the Kuruma prawn and the lobster, probably resulted from Succeassful control of Zoothamnium sp. on penaeid shrimp in
destruction of the gills by a rapid antemortem growth of the fungus ponds with formalin at 2% ppm was repoerted by Johnson et al, (1973).
into the gill processes that was not accompanied by an appreciable Other experimental treatments that used a lower concentration of
hemocyte response (Figure 3). formalin (15 ppm), potassium permanganate at 2 and 4 ppm, copper
aylfate at 1 ppm, or malachite greem at 1 ppm were ot effective in
The fungus was easily isclated and cultured from tissue samples k1illing or removing Zoothamnium colonies from the shrimp's gills.

taken from the gills of moribund shrimp that had lesions like those

degscribed. 1Isolation med{s was Sabouraud dextrose agar supple- A loricate peritrich, probably a EEEEQEEEEIE sp., has been

mented with 2% NeCl and with shrimp homogenate (555 wmedium), and obhserved on the general body surface of pond-reared shrimp (¥. seti-
Cantino PYG broth supplemented with 2% NaCl. Penicillin and atrep- ferus end P, vannamei) in Texas (Johnsom, 1974b}. At Galveston a
tomycin were added to isolation media to inhibit bacterial growth.  similar Liﬁennphrg!'sp.-uaﬂ obgerved on the gills of white and browmn
The Fusarium sp. from P. californiensis produced micro- and macro- - ghrimp. When present on the gills, Lapenophrys sp. differs from
conidia in artificial media end in shrimp tissues. Microconidia 2oothammium 8p. by evoking a strong cellular inflammatory response.
were typically ovold to cblong and frequently slightly curved {(Fig- Individual trophonts of Lagenophrys sp. typically attach near the
ure 4); they were 1 or 2-celled, and ranged from 9 to 18 ym in tips of the gill lamwellae (Figure 8). While no portion of the lorica
length. Macroconidia were typically 3 or &-celled and canoe shaped, appears to penetrate or demage either the cuticle or the underlying
Macroconidia ranged in length from 30 to 47 um . (Figure 5). The hypodermis of the lamella the eite of attachment becomes heavily
fungus produced e pale brown diffusable pigment on $SS medium. This {nflamed and congested with hemocytes (Figure 9). Often the hemocyte
plgment was much paler than the dark purplish-brown plgment produced gccumulations become melanized, A similar process of inflammaticon by
by the Fusarium sp, from P. japonicus {Egusa and Ueda, 1972), hemocytes was noted in the processes of wound repair and foreign body
' elimination in the white shrimp {Fontaine and Lightner, 1973, 1974).
{ontrol of this disease at Puerto Penasco was accompiished by $hrimp having heavy infestations of Lagenophrys sp. on the gills dis-
elimination of sources of spores of the fungus, destruction of shrimp play a "black gill" condition. In such animals, numerous gill lamel-
infected with the fungus, and disinfection of affected tanks and | lae and often large portions of a whole gill process are heavily con-
raceways with 200 ppm chlorine (Lightner, in press). gested with hemocytes, are melanized, and are nonfunctional, Hence,

the respiratory capacity is reduced, and in severely affected animals,

death due to suffocatfon may result if tissue oxygen demands increase
Gill Disease Due to Epicommensal Protozoans | (e.g., following handling stress or {mmediately prior to molting) or
1f dissolved oxygen levels decrease.

Johnson et al., (1973} reported the loss of an estimated 2,000
pond-held brown and white shrimp in & single day due to the presence

of large numbers of Zoothammium sp. (Figure 6) on the gills and due Filamentous Gill Disease

to a reduction in dissolvad oxygen, Mortality was attributed to

anoxia as the mortalities cccurred when the infestation of the pro- Leucothrix micor and leucothrix-itke filamwentous bacteria have

topoan became hEl'lqr Ennugh to restrict OXygen axchange and when the been Tepﬂl‘tﬂd from ;Emeruu!l crustaceans, The presence of LeucothriXx

dissolved oxygen level in the pounds- dropped to a low of 2.6 ppm. In mucor has been demonstrated on the eggs of the rock crab {(Cancer

ponds where no Zoothammium sp., were obaerved on the shrimp, no irroratus), on the setae of the pleopods of the grass ghrimp (Palae-

mortalities occurred despite the low dissolved oxygen levels. Good monetes pugio}, and on the pleopods of the green crab (Carcinus

gurvival has been experienced with P, aztecus in culture ponds even maenas) (Johnson et al., 1971}. Leucothrix-like filamentous bacterium

when the dissolved oxygen fell to lhppET(JﬂhnEﬂn et gl,, 1973). have also been reported on the general body surface and on the gills
L | of three penaeid species (P. vanmamei, P. stylirostris, and P. seti-

Histopathological lesions of the gills, ‘appendages, or general ferus) from reering ponds in Texas (Johnsom, 1974b) .

body surface have not been demonstrated at the site of attachment of
Barkate et al. (1974) reported mortalities in postlarval penaeid
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shrimp due to a large filamentous bacterium. During early stages

of development, poatlarval shrimp became entangled in filaments of
the bacterium, resulting in stress to the shrimp. Heavy mortalities
(30% to 100%) were experienced, usually suddenly and without warning
except for a foul sewage-like odor in the tank, This filamentous
bacter {um apparently grew on waste materiazls on the bottom of tanka
and was visible as white, cottony mats on the surface of the sedi-
ment. The organism was succesafully isolated and cultured, but
falled to produce filaments on culture media. Reversion to the
filamentous state was veportedly not accomplished unless the cul-
tures were inoculated back into the shrimp environment {Barkate et
al., 1974). In cultura Barkata's izolate produced spore-forming.
rods that stained Gram-positive to Graw-varlable. The isolate was
tentatively jdentified as Bacilluz cereus var. mycpides.

A similar filamentous organism wes obszserved on the gilis of
juvenile penaeid ahrimp in rearing tanks in Florida, and this
organiem was reportedly isclated on solid media. However, attempts
to Infect heslthy shrimp using "infested tank sediment" rather than
the isclate from the gills were not succeasful (Barkate et al.,
1974) .

Sporadic but sericus epizootics due to 8 leucothrix-like £ila-
mentous organism have occurrad in tank and raceway-rearsd P. cali-
fornienals at the experimental shrimp fare in Puerto Pefiasco, Mexico.
Periodic sampling of affected populations of shrimp from the tenks
and raceways at Peniasco revesled that the filsmentous organism was
typlcally present on the pleopods and gills. When tha filsmentous
organism became 3o abundant on the gills that respiration was blocked,
mortality occurred (Figure 10), despite apparently sdeguate dissolved
oxygen levels.

The filamentpue orgenism at the Puerto Pellasco ehrimp farm was
initially thought to be either & species of the Qsciliatoriacese
group of the blue-green algee liks that which reportedly occurs on
Crangon crangon {Shalton, 1974) or a [ilamentous bacterium. The
latter 1s believed to be the case hecsuse of the clese morphological
similarities of thie organiswm to Thiothrix marina (Haroid and
Staniar, 1935), to Laucothrix mucey {(Johnson et al., 1971; Bland and
Brock, 1973), and to Barkate's isclate {Barkate et al., 1574).

Rfatolegical studias performed on Califernia brown shriwmp (P.
californiengis} from the Puertc Pedasco faci{lity amd on brown and
white shrimp from (alveston, Texas, revealed that the filamentous
organism was strictly external. The organism was sttached to the
cuticular covering of the gill lamgllae, pleopods, or other appen-
dages, and its presence did mot result in demonstrable histological
damaga to underlying tissues (Figure 11). The filaments themselves
appeared to be segmented and had the genmeral appearasnce of 8 string
of Cubular bede {(Figure 12}, particularly in histological prepatra-
tiona. The filament segments ware anucleate. Trapped in the "mat”
formed by the filaments were sbundant amounts of detritus, scme
filamentous green algae, and often numerous diatoms. By itself the

353

filamentous organism 18 not responsible for discoploration of the
gllls, but the accumulation of algae and debris trapped by the
filements results in @ gross discoloration of the gilla. This dis-
coloration ranges from pale hrown to black or green if sufficient
algae 1z trapped by the filaments.

The conditiona responsiblie for the presence of the filamentous
organism on the shrimp's gills have not been determined, although
low dissnlved oxygen levels Beem to favor devealopment of the disease,
ay well as contributing to mortality once the disease has become
established, Mortality eof shrimp having heavy infestations of the
filamentous organism on the gills usually occurs during or immediately
following molting. Many premolt animals that showed heavy gill infes-
tations did not gsurvive the next molt if left untreated, despite
apparently adequate dissolved oxygen levels in the water. Animals
that did survive the molt shed the filaments with the cast exoskele-
ton and remained free of filaments for at least a few days.

Attempts to culture the organiem causing filamentous gill
disease have been made using numerous media, some that were intended
for culture of blue-green algae, some for fungi, and the remainder
for various typea of bacteria, Unfortunately, no organism has been
cultured that produces filaments like those seen Iin filamentous gil]
disaase when groum on artificial media,

Shrimp having filamentous gil]l digease have been treagted suce
cespfully with 5 to 10 ppm potassium permanganate in l-hour static
treatments. The uge of 10 ppm potassium permanganate has occasion-
ally resulted in a chewmical toxicity expressed as "burned” gill
lamgllae. Such lamellae were initially brown but later became
melanized and necrotic. Croghan (1958) noteéed a similar phenomenon

~in brine shrimp (Artemie salina) following & 5-min exposure in a

garurated potassiue permanganate sclution, The survivors of such
treatmant displayed a2 browning ("burnt' appearance) and distortion
of the epithelium of the first 10 pairs eof branchiae., 1In these
survivors the damaged branchial epithelivm underwant s further slow

. deganeration and blackening, probably due to deposition of melanin

{Croghan, 1938).

A concentration of 5 ppm poteasiuvm permanganate removed or
graatly reduced the bacterial filaments on the gills in P. cali-

forniensis, but unfortunately within 5 to 10 days filaments

reappeared and mortalitles began agasin. Other chemical treatments
including a mixture of malachite green oxalate and forwmalin at Q.05
to 0.1 ppm and 25 to 75 ppm, respectively, and Hyamine 3500 at 1 to
2 ppme have not bean beneficial in l-hour static treatments. Chemi-
cals such as methylene blue, Roccal, copper sulfate, and Furanace
are presently being tested as are 24-hour flow-through treatments
uring 1 to 2 ppm potassium permanganate,
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